A METHOD FOR PRODUCING BONDED ARTICLES, 
BONDED ARTICLES AND BONDING AGENTS 



Background of the Invention 




(1) Field of the Invention 

[0001] The present invention relates to a method for producing bonded articles, 
bonded articles £ind bonding agents. 

(2) Related Art Statement 

[0002] As optical bonding agents, organic bonding agents such as epoxy resin or 
acrylic resin and inorganic bonding agents such as low-melting point glass have been 
generally known. On the other hand, diffusion bonding, press bonding, optical 
contacting, etc. have been known as bonding methods using no bonding agents. 
[0003] In Shin-gaku Giho, "TECHNICAL REPORT OF lEICE US95-24: EMD 95- 
20: CPM95-32 (1995 - 07)", pp. 31-38, it is described that a substrate of lithium 
niobate was directly bonded to another substrate of lithium tantalate, and an optical 
waveguide structure was made by trial by thinning the lithium niobate substrate. 
This relates to the direct bonding between the substrates by utilizing molecular forces 
of hydroxyl groups adsorbed onto the surfaces thereof. 

[0004] However, when a general bonding agent is used, it is difficult to obtain a 
bonded article having an extremely thin bonding layer. Incase of the diffusion 
bonding, press bonding, optical contacting, etc. which use no bonding agents, it may 
be that substrates are not bonded or the bonding strength is low, if fine unevenness 
exists at bonding surfaces of the substrates to be bonded. On the other hand, a 
bonding layer can be made thin in a method of forming a thin film of low melting 
point glass on a surface of at least one of the substrates to be bonded, and contacting 
the-tf — and heating the substrate surfaces and heating them . However, if fine 
unevenness exists at the surfaces of the substrates to be bonded, it may be also that 
they are not bonded together or the bonding strength conspicuously decreases. 



and a novel bonding agent, which can form a thin bonding layer and can assuredly 
realize desired bonding strength even if fine imevenness exists at surface(s) of 
substrates to be bonded. 
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[0005] 



Summary of the Invention 



It is an object of the present invention to provide a novel bonding method 



[0006] The present invention relates to the method for producing a bonded article 
comprising a first substrate, a second substrate, and a bonding layer through which 
the first and second substrates are bonded. :r-satd -The method comprising includes 
the steps of interposing a water-based bonding agent between the first and second 
substrates, and forming the bonding layer by heating the water-based bonding agents 
The T -said water-based bonding agent comprising includes an alkali metal element 
and having has a water-soluble compound dissolved therein. . said The water- 
soluble compound producing produces a composite oxide bv -upon h eating. Any 
combination of features recited in the dependent method claims are also considered 
preferred according to the present invention, imless contrary to the claimed invention. 
[0007] The present invention also relates to a bonded article obtained by -using t he 
above method. 

[0008] The present invention fijrther relates to the water-based bonding agent 
comprising including an alkali metal element, a water-soluble compound which 
produces a composite oxide by heating, and water into which the water-soluble 
compound is dissolved. Any combination of features recited in the dependent 
bonding agent claims are also considered preferred according to the present invention, 
unless contrary to the claimed invention. 

These and other objects, features and advantages of the invention will be 
apparent firom the following description of the invention when taken in connection 
with the attached drawings, with the understanding that any modifications, changes 
and variations could be made by the skilled person in the art to which the invention 
pertains. 

Brief Description of the Drawing 

For a better understanding of the invention, reference is made to the 
attached drawing, wherein: 

Fig. 1 is a sectional view e^schematically illustrating a bonded article 
according to the present invention. 

[0009] The present invention will be explained with reference to Fig. 1 by way of 
example. The present inventors contrived a method for interposing the water-based 
bonding agent containing an allcalin e alkali m etal element and having a water-based 
bonding agent dissolved therein between a first substrate 1 and a second substrate 2 
and forming a bonding layer 3 by heating the water-based bonding agent. 
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[0010] ¥his — The w ater-based bonding agent is interposed between a bonding 
surface la of the substrate 1 and that -a bonding surface 2a of the bonding substrate 2, 
fills finely uneven portions of each of the bonding surfaces, and forms a film in a gap 
between the bonding surfaces la and 2a. In this state, the bonding agent is heated, 
thereby producing a bonding layer made of a composite oxide containing an alkali 
metal element. 

[0011] The water-based bonding agent may possess no organic group burnable on 

heating, and no organic solvent needs ftet-to be used. Therefore, the generation of a 

gas or gases from the bonding layer can be suppressed. Such gas or gases cause 

deterioration and variations in the strength of the bonding layer. 

[0012] The water-based agent means a bonding agent using water as a principal 

solvent. At least the above-mentioned water-soluble compound is dissolved in 

water. 

[0013] As the alkali metal elements, lithium, potassivun and sodium are preferred, 
and lithium is particularly preferred. A combination of lithium and potassixim, that of 
lithium and potassium and that of lithium, sodium and potassium are similarly 
preferred. 

[0014] The water-soluble compound is not limited to any kind, so long as it can 
produce an oxide after being heated. As such a compound, a carbonate, a nitrate, a 
sulfate or the like may be recited, by way of example, in addition to a hydroxide. A 
composite hydroxide containing alkali metal element is further preferred. 
[0015] The composite hydroxide preferably contains a transition metal element in 
addition to the alkali metal element, and it more preferably contains metal element(s) 
in Groups 4 to 7 of the Periodic Table. As a-such a^metal element, niobium and 
tantalum are preferred. 

[0016] In a preferred embodiment, the composite hydroxide is selected from the 
group consisting of niobium-lithium hydroxide, tantalum-lithium hydroxide, 
niobium-tantalum-lithium hydroxide, niobium-lithixmi-potassium hydroxide, 
tantalum-lithixmi-potassium hydroxide and niobium-tantalum-lithium potassium 
hydroxide. 

[0017] Into the water-based bonding agent may be incorporated ceramic fine 
powder or sol as a filler in addition to the water-soluble compound containing the 
alkali metal element(s). 
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[0018] The concentration of the water-based compound in the bonding agent is not 
particularly limited. If the concentration is adjusted to not more than 0.5 mol/liter, 
it can prevent the bonding layer from being too thick due to an increase in the 
viscosity of the bonding agent. 

[0019] A method for interposing the bonding agent between the substrates is not 
particularly limited. For example, it may be that the bonding agent is applied to a 
bonding surface of the first substrate, and this bonding surface is contacted to that of 
the second substrate, followed by heating. At that time, the bonding agent may be 
applied to the bonding surface of the second substrate. The applying method is not 
limited, and roll coating, spin coating, dip coating, flow casting, doctor blade, etc. 
may be recited by way of example. 

[0020] When the first substrate is contacted with the second substrate at thei^-the 
first and second substrate b onding surfaces, the former may be pressed against the 
latter in almost vertical directions to the bonding surfaces. Then, the bonding agent 
may be dried and/or heated while the substrates are pressed against each other in the 
almost vertical directions, but such pressing may be omitted. The pressure effused 
for such pressing is preferably 0.1 to 0.5 MPa. 

[0021] The bonding agent may be flown between the first and second substrates, 
while their bonding surfaces are being opposed to each other. Alternatively, the 
bonding agent may be sucked drawn into a gap between the bonding surfaces of the 
first and second substrates, respectively, through a capillary phenomenon. 
[0022] The bonding agent is preferably dried at a temperature of 60 to 1 00°C. 
[0023] The heating temperature depends upon the kind of the bonding agent. 
When the composite hydroxide selected firom the group consisting of niobium- 
lithium hydroxide, tantalum-lithium hydroxide, niobium-tantalum-lithium hydroxide, 
niobium-lithium-potassium hydroxide, tantalum-lithium-potassium hydroxide and 
niobium-tantalum-lithium potassium hydroxide is used, the heating temperature is 
preferably 200 to 600°C, more preferably not less than 350°C. 

[0024] The method for producing the water-based bonding agent in which the 
composite hydroxide is dissolved is not particularly limited. 

[0025] In a preferred embodiment, a composite alkoxide solution is prepared by 
refluxing an alkoxide of an alkali metal element and that of another alkali metal 
element in anhydrous alcohol. Then, decarbonated water is added into the resulting 
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composite alkoxide solution, which is refluxed, thereby hydrolyzing the alkoxide. 
The composite hydroxide is produced by advancing this hydrolysis almost 
completely. The composite hydroxide is not soluble in the alcohol, but forms a 
precipitate. Then, the precipitate is recovered by distilling off the alcohol by heating 
or filtering it off. The resulting precipitate is dissolved in decarbonated water, 
thereby producing the water-based bonding agent. JP-A 9-86931 describes details 
of such a producing method. A preferred metal alkoxide is a metal ethpxide. 
[0026] When a metal alkoxide is generally hydrolyzed by adding decarbonated 
water to it, the metal alkoxide tends to be polymerized. However, when the 
alkoxide of the alkali metal element is hydrolyzed, such polymerization is suppressed 
on hydrolysis, and the polarity of the composite hydroxide produced by the 
hydrolysis becomes higher. From this point of view, at legist lithium alkoxide is 
preferably hydrolyzed. 

[0027] In a preferred embodiment, the composite oxide constituting the bonding 
layer is selected from the group consisting of lithium niobate, lithium tantalate, 
lithium niobate-lithium tantalate solid solution, lithium potassium niobate, lithium 
potassium tantalate and lithium potassium niobate-lithium potassium tantalate solid 
solution. The bonding layer may be crystalline or amorphous. 
[0028] In a further preferred embodiment, at least one of the first and second 
substrates is made ef ^from a single crystal. As such a single crystal, a 
ferrodielectric electro-optic single crystal is particularly preferable. Mention may 
be made of lithium niobate, lithium tantalate, lithium niobate-lithium tantalate solid 
solution, lithium potassium niobate, lithium potassiimi tantalate, lithium potassium 
niobate-lithium potassium tantalate solid solution, KTP, silicon, GaAs, and quartz. 
Further, the substrate may be ceramic or glass. 

[0029] The configuration of the substrate is not particularly limited. For example, 
the substrate may be a bulky single crystal. Further, a film of a single crystal, a 
polycrystalline film or an amorphous film may be formed on a surface of the bulk 
body. 

[0030] In a still further preferred embodiment, the bonded article of the present 
invention is an optical member. 

[0031] In a further preferred embodiment, at least one of the substrates is made of 
a material identical with or similar to that of the bonding layer produced by heating. 
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The identical material means that constituting components and a fundamental 

structure are common between them. The ratio of the constituting components may 

differ between them, and a small amoimt of additive(s) may exist. 

[0032] When each of the first and/or second substrates and the bonding layer is 

made of an electro-optical crystal, at least one metal element selected from the group 

consisting of magnesium (Mg), zinc (Zn), scandium (Sc) and indium (In) may be 

incorporated in the crystal. Particularly, magnesium is preferred. 

[0033] The thickness of the bonding layer is not limited, but it is preferably not 

more than 0.5 \xm, for example. 

[0034] In a particularly preferable embodiment, the first substrate is used as a bulk 

optical waveguide, and the second substrate is used as a substrate for the optical 

waveguide. In this case, the thickness of the bonding layer is particularly preferably 

not more than 0. 1 (am. 

[0035] 

(Examples) 

(Example 1) 

In anhydrous ethanol were mixed lithium ethoxide and niobium ethoxide 
at an equimolecular ratio, and the mixture was refluxed under heating, thereby 
producing an ethanol solution of lithixmi niobium composite ethoxide. 
Decarbonated water was added into the ethanol solution so that the decarbonated 
water might be 7.5 mol relative to 1 mol of the composite alkoxide, thereby 
completely hydrolyzing the composite ethoxide. Then, a precipitate of lithium 
niobium hydroxide was produced by refluxing the mixture. The resulting liquid was 
heated to 80°C to remove ethanol, and the recovered precipitate was dissolved in 
decarbonated water, thereby producing a water-based bonding agent. The molar 
ratio of lithium and niobium in the water-based bonding agent was 1:1. 
[0036] X-cut single crystal substrates each made of lithium niobate (15 mm x 15 
mm) were washed. The water-based bonding agent was applied dropwise on a 
surface of one of the substrates, and the other was placed upon the one, thereby 
laminating them together. While the laminated substrates were pressed against each 
other in almost vertical directions to their bonding sxirfaces, the bonding agent was 
preliminarily cured at 100°C for one hour, and finally cured at 500°C for 8 hours, 
thereby obtaining a bonded article. 

VERSION OF THE SPECIFICATION WITH MARKINGS TO SHOW CHANGES MADE 

APPENDIX B 



[0037] It was confirmed with an electron microscope that the thickness of the 
bonding layer was very thin, and not more than 0.1 |j.m. A sample having a 5 nmi- 
long and 5 mm-wide size was cut out as a compression shearing bonding test piece 
from the bonded article. This test piece was subjected to the compression shearing 
bonding test, which revealed that while the lithium niobate single crystal constituting 
the substrates was destroyed, no fracture occurred at the bonding interface. 
[0038] 
(Example 2) 

In anhydrous ethanol were mixed lithium ethoxide, niobium ethoxide and 
tantalum ethoxide, and the mixture was refluxed under heating, thereby producing an 
ethanol solution of lithium-niobium-tantalum composite ethoxide. Decarbonated 
water was added into the ethanol solution so that the decarbonated water might be 
7.5 mol relative to 1 mol of the composite alkoxide, thereby completely hydrolyzing 
the composite ethoxide. Then, a precipitate of lithium niobium tantalum hydroxide 
was produced by refluxing the mixture. The resulting liquid was heated to 80°C to 
remove ethanol, and the recovered precipitate was dissolved in decarbonated water, 
thereby producing a water-based bonding agent. The molar ratio of lithium, 
niobium and tantalum in the water-based bonding agent was 1 : 0.5 : 0.5. 
[0039] An X-cut single crystal substrates each made of lithium niobate (15 mm x 
15 mm) was bonded to a single crystal of lithium tantalate (15 mm x 15 mm) cut out 
in such a crystalline direction as making its coeflRcient of thermal expansion in 
conformity with that of the X-cut lithium niobate single crystal substrate. Both the 
substrates were washed before bonding. The water-based bonding agent was 
applied dropwise onto a surface of the lithium niobate substrate, and a main plane of 
the lithium tantalate substrate was placed thereupon, thereby laminating them 
together. While the laminated substrates were pressed against each other in almost 
vertical directions to their bonding surfaces, the bonding agent was preliminarily 
cured at lOO^C for one hour, and finally cured at 500*^0 for 8 hours, thereby 
obtaining a bonded article. 

[0040] It was confirmed with the electron microscope that the thickness of the 
bonding layer was very thin, and not more than 0. 1 fxm. A sample having a 5 mm- 
long and 5 mm-wide size was cut out as a compression shearing bonding test piece 
from the bonded article. This test piece was subjected to the compression shearing 
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bonding test, which revealed that while the lithium niobate single crystal or the 
lithium tantalate single crystal constituting the substrates was destroyed, no fracture 
occurred at the bonding interface. 

[0041] As mentioned above, the present invention can provide a novel bonding 
method and a novel bonding agent, which can form a thin bonding layer and can 
assuredly realize desired bonding strength even if fine unevenness exists at surface(s) 
of substrates to be bonded. 
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